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SLOPE EXCAVATION CONTROLLER OF HYDRAULIC SHOVEL, TARGET SLOPE SETTING DEVICE AND 
SLOPE EXCAVATION FORMING METHOD 



(54)Titie: 



(57) Abstract 

An external reference (80) is set in a 
horizontal direction along the development 
direction of a target slope and the vertical 
distance hry and horizontal distance hrx from 
the external reference to a reference point on 
the target slope and the angle 9r of the target 
slope are set by an operation device (7). If a 
front reference (70) provided at the tip of a 
bucket is agreed with the external reference and 
an external reference setting switch (71) is 
pushed, a control unit (9) calculates the vertical 
distance hfy and horizontal distance hrx from 
the center O of a vehicle body to the external 
reference. By using those values as correction 
values, the vertical distance hsy and horizontal 
distance hsx from the center O of the vehicle 
body to the target slope are calculated and the 
target slope whose reference is the vehicle body 
IB is set in accordance with these values and 
the angle inputted by a setting device and the 
region limiting excavation control is carried out 
accordingly. With this constitution, even if the 
position relation between the vehicle body and 
an existing slope is changed by the horizontal 
shift of the vehicle body, the slope can be 
excavated without difference in level. 
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Position relation between vehicle body 
and target elope io calculated. 
(2nd arithmetic stsans) 

Target slope Is eet with vehicle body n 
reference. 
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(6) ±EBfl«i*«fi)£-rsfc»tw, ^ej{i s &$mm<o~7 u > b&m.& 

> h g MBijffiKi&o rib < <fc -5 fiBttlRIIK3BBUra$m ^ iflKBRO 
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aS^rlfilir3£a-r**fiI(:iRl*tfc»»T«lir»/«*ffl^ WE (e) ©w©« 

A-iBj«fa&^i»UT{±. wETSsjkffft^wE (d) tm i^mrnxmrnRt/mm^ 
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"Ti6*w««l-rSTSl5jt^l e^t,«S*f*l B>TM$^ 7D>hgfl 
A©7*-A 1 a ©SSB^JiSBSgEH* 1 d©mj£[»:3£J#£ tlT(^£ 0 a, 
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fcjfift 8a, 8b, 8 c RCf«*HH- 8 d ©m^KS^^I^- ? h 9 l*JT7 a 

> h^t i A<DiiLmtmmfi<mn.i*tiTist). -7d>nssi aoa^, m c 
^iho (Dxmmmz±*) 1 b ^sbs&s 0 tomm^t ix$(w 

£>0^£>«5g2£8 0 £"?©«£ h f ykfc¥RMh f x*<«*$tU JEK-© 

tk^fbubi h r x («»8 0 tmrnvLawmm frtmit+'boizm-rz 
Ei 9 iz?ff?m 2 tasg^s 1 e 0 wMmmmtz £ > Msgit h s y &wpmwt 

h s x i^S 7 T'AA UcftS 6 r ^|E-> 3 1 B^ifiLtl 
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(7D> h**&&7 0^g|5S^8 0(1— Sct-fci*) ©$#%0^^7P> 
K^7 0 ^TOSElfg^h f y, 7jc3pEg{glh f x 

8*3*1* C2) „ (3) iCfri^^'t'^O^^r-AiT-ACD^ 

jS (T-t*nm\% bm&W&J P I ©ifilHh b y, *¥fih b x£*is6 

hby = Llxcos (fl-fi) -(2) 
hbx = Llxs i n —(3) 
±m (2) N (3) xU'fc^T, L ai$^l B©S5^ C7*-A 

hay £7K¥E§«: hax ( 4 ) , C 5 ) J; *) So 

hay=L2xcos ((a-&) +^) •••(4) 

hax-L2x$ in (Ca-fl) +/8) — (5) 
±S£ (4) , (5) ^Cfc^TL 2^7*-A£7-AOS^P 

m~T-^ty<^ry h0^.P2*^/<y7 N/ft&P 3 £ h 
c y £7kTO*ih c x£-&© (6) > (7) iCic J; ?) * 0 

hcy=L3xcos ((a-0)+£+r) —(B) 
hcy~L3xs i n ( (a — 0) + /S -+- 7 ) — (7) 

_h!B (6) s (7) m^&l^TL 3UT-Ak'<fTv h P 2^^<^r<y 

tl h a y , hax, hby, hbx, hey, hcx^W (8) , 
(9) iaD^WO^^o> h«2£7 0 (^'^7 NM5fcP3.«) JTOl 
StEg^lh f y, 7j<TO£th f x^fltKfTSo 

hf y=hay+hby+hcy —(8) 
hf x = hax + hbx + hcx --(9) 
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mt, MS 14 4 IZ& s |25£8 7 T'^S L 8 0^t>9 ^£®©£ 
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M^kiZ, fell 6 lCfe^TMl 4 5T*#LfcB«feiE©*ift&©MIE 
»hsy, SBtlfch s x^iSHL. ZOmUh s y, h s x t WCxL%& 7 TAA L/c 

ei±i;*jc>x, -MS! 14 1 — 14 5t±H9ic^-f#2iKJ*3Mai 4 o ®mmm 
m\ztmL, mi e i ttH9ic^-r»2tt»gi:i 6 oo&aattfeKffls*-*. 
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?^gj5 9 b , gfJT> ij >y^Jg^S}5 9 c . @#»i§f£^ h;P^§159 d s 

v MEfc#£&9 j „ ^<^"7*m^»9 k. itLwm%mn$$9rnRvm2gmm 
mm^mQ n©&^£g£WL-a^ 0 

SSI Sfl(&3rtt£ttS9 a «*B 9 ©IS 1 SBE^S 1 0 0 Kffi^-T* *>©T% t$5£ 
7£¥$m h r x N g «fcfcffi©ft JK 0 rCJ;*) ft«B&if!L 8 0 <fc g fcfcfcffi <fc ©ttfltKI 

7o> h S5»S6at«8 9 b (±0 9 ©& 1 iJlHi^S 1 2 0 KfiSt * t>OT, W® 
a- 7 h9 iCIS-if. D>Fgf 1 A£6W£ 1 B <Z>4H»Tf ft&tt 8 a , 

8b. 8 c X^k ft U fc ES&ft a x /9 s 7 &tf«»traft iH L B <^T 

VLmawmnm 9 maea 9 ©m 2 ata^e 1 4 0 trfi^-rs *>©t\ not: 

it4ai7a-©ji!ll 14 1-14 5 i: J; !) W^O^t>i^iI±0$^, 

^2 &n&m&%.&9 nttH9©flS28Be^a:i s 0 tr*a^-r-s^©T'. h 1 

Oi:/Tt®l7a-0ill 6 1 }C «k 0 _b!B©ME§^ h s y^ zMFffiSth s x. 
7D> h£»»WSP9 bKfclvr, 7P> hill A ©Mi A 1 
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Ml A©/<^r«y h 1 cOMiit 1 acDP©S^iT-A 1 b©H]l!j 

^L2,^7hl c ©EISA'S >'<y-y h 1 c CDft^ t (D&ffiZ L 3 £-fft<;t\ 

X = L1 s ina + L2s i n (a + £) -f L 3 s i n (a+yS + r) 
Y = Llcosa + L2cos (a + jS) + L 3 c o s ( a + £ 4- r ) 

©*g*H£@B9#a<^ffc-r £ ©T. S gj&M©t£5£MiE L < ft*.ti < # £ » 

**i«ffiTiix mw i b e zmmm 8 d t-^* u 7p>h 

$B9 bT^®i^S0MA*t> X YliS*ftll!fll3IteS*fcX b Y b£ 

«E 1 gfl&WSB&ft 9 a . fiUKH^mrffiS 9 m&tm 2 Bttj£MIB&£ffi 9 n T 
li,l«hry, hsy, h f y . zk^FSESi h r x , h s x, hfxf^X 
b YbSl^OfC^UTiaitSo 

g^-> U V^atiH^9 c -CimftW<-mB:4 a , 4 b ©aflM^i It 
E*^m^6 Oa. 60b ; 61a, 61 b ©^ttHf-t^A^-tSo *<©»fNT 
4§- (/ nV p -v h £E) ^ £ 8f£fi$lK»# 5a, 5b©| Uttffi^S C 7'- A •> U > ^* 

y h ©ffejsttMscf g^-> u > ymatmMM 9 c -wdta&fc g m *> u > i . 

h 9*ria«LT*>S5feCDL 1 , L2, L3 ^fflWii*^'^^ 
c{il38KjjVrXaYa&«^©«£LT#*!>*o :®XaYaI» Xb 
®±©afe*j^©ZfcTO1»h s x. £it£tth s yCMKcU XbYbif 
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m^ttisxnmtm&ftme r assure x ammm&mmasoxiizmmLtz 

mmkT&Zo CZT*. XaYaM^T©BMi^? hMcOX aiM 
fl-V c xiiB&i&K^ MUV c©ISIi;Wj:^lS!© / <i' h;i/jsR# 
Y aj£«fifc#V c y tiBSBBtt'** h^V c ©g^&SKMtt^lRlcD^ 

mm-rnJi:. M3'fo©'<* h»Vc yfr*n«kO*>/J^^BSiSfeffi 

v c ttgauaa^^ h^v c a cffluE^tis* - :t> @ra*^itY a i 

h 1 c©^»*<±^«k^ttffijE*<OBflafi* y <^ hM r c a©»»HC 
36Flft»ft««$nfc<!:*©W»©— 1 2 Kar^o IfiRifiJK^^ h^V c 
M&T^—^TfcS £ § IZtt, -e-OW^-V c x te-5££ £ 9 > SiSfiE^-V 
c y \&'<>T 7hlc OWII&I lZ&-3< tZ Ufcjfr^T CffifcY a tf</h<* < 

Vcy = OiU MJE?£©@@Bj£^ hAV c a JiV c x SW*o 

m7cfiJW9 gtii> h i c©^j&<BSfc®£S*"c*-©*MM (.mm 
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Vc y^MlETSCiKJ:^ S§«tY a£</jN£ < *£&(r Ufc£<o TSiI^IrJGD^ 
V c aCMiE^n^o 

fv-KY aitmMY aiZl£m^ZO-VW:\M.&fttt'<'rv h 1 c ©5t*i^'@{l;OT 
fCigo < ir L -o T (SMI Y a ^/Jn $ < ft 5 lw o T ) /h $ < <C S o M JOE 

S'*? h;i/V c a itv c xjr— Srr* 0 
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44a. 44b;45a, 4 5 b ©B*/*>f o <y hflE£!t@-f*o 

p- y he^is u m-r^mmff^'jt^jm»i o a. 10 

b. 11a. 11 b{Iffi^r$tL^ a 

( 1 ) 7O^W0 *n«5** 8 0 ir— ^§iJ^I8^X>f -yf7 1 

bfcf f KiTgM^t^ttos *#© 
«^"|p3©^S&^ ck 0 StiS:©l4m{c*j- L ¥{*© US $ *<£<b LT t> > *©ES $ ^ft* 

#:©|trm^l6]©feg^^b LT t> s C © l5f«^F (^©tefS©^^ fe^SffiiE LT« 

ZtoZk&mi 4\Z£*)mffl-fZ>o gll4}rfclNT, (a) ttgaisfe®©^ 
B#©{ii©!TO£;*U (b) ti*ft:©5£S&liS©teffltKI«**-fo 

^14 ( a ) TJi> I9CI1 1 0 0 TAA^^fcili^JI hry, 

7^mm hrxi^90l2 «J*^« 1 4 0 &G*ia 1 0 ©M 1 4 3 TMMi: 
LX&DbizmWMMh f y > TK^ffilth f x£JB^T. HI 1 0©®g 14 5t$ 
f***&0*£Bafe®©**.6P s *T©S£ffiflth s y . ;X¥Sg^h s 
©£ft. HI 0©$aSl 6 lT-€-©OTE§Jth s y, 7jc¥Sg«h s xig^«7 
-TA^L/c^S^ r-Cgaac®*<H:^nT*J5^ C©l8:^7 = -^hs x. h s 
y . 5r*ffll ^»jf|HJ PfifrKSHC J: *) &ffii6<a8Ba $ o 
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«^x.^ 0 z<z>t%. mi 4 (b> ci5?-r«J:-5JwW4'^o*^aajfeiB©s 

*fc.6P s *-C©SSSBtth s y. 7k¥g§8ih sxlihsy' . h s x' jrfCYbf 
£o U**U 7n > FS$7 0 t^&mB 0©*fcffi;&<— SfcLW^U- *(::«*: 
O^OT^X-f 1 ^1f$n3^K:^©££©ffiIEfigh fx', hfy' ^ 

*J6Tmi*^0^«s>aaij*B©«2Sl^f P s ^T'CD^SSg^ls 7jc^^U±h s y 

(2) WS$8 0£g^&ffi©^M#ftir^oT7K¥irl2SU c©«* 
Siliil^l|lil|8 OK^MSniCilCtti. dCDfca6s ngp^8 0 

£\ ±^(Dti ? J 8 0 a£fj^s C^«J*US) 8 0£M« 

?ZtT\ ;M*8 OKTOlwB«ftffli*ttJ£T$, JBffiLfc*fcflB*±^©*7-r 

iWPSnfci*C7D> Mil AO&t^i;«^$#i B^sap^L-Tt 

s «ftis«-«a3E-r £ ©t% c © g ©afts^iR ux a afeMia^ia* £ 
h i cv^oftMzmw'tzt^, mm^mwizmMLtz-kiy^x-m 

^ Z<DZt&mzWM-rZo #§§¥3 - 2 9 5 9 3 3^«fc*&tt©«e#ft 

*rrt±* lira Lfc«k^ Kaffir i 5 WlR^cffiiEJiWx So «SS«I*fir -5 t S 
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1 + 6 LK 7-A(i;L 2 + e L2n '<*r -y H£L 3 + e L3(D~t&;'»Z.tj: ~? Tl-^So s 
/c. -b->-y-^t>^tHLfc^a, £, 7i*K<Dftma' . 0' , 7' i:^LTt 

,4,Tt,^ 0 zotztb, mm^wtfs 

hs (LI. L2, L3, a(hs), /5(hs), 7(hs)) 

hs' CLl'.L'.LS'.a' (hs), £' (hs), 7' (hs)) 
= hs' (Ll + eLl, L2 + fiL2, L3 + eL3, a(hs)+£a, 
£(hs)+£ £, r (hs)+ £7) - (6) 

Ll, L2, L3: gfcSHfi 
a, iff. 7 : 

L 1' L 2' L 3' , a' . 0' . 7' : £MHE 
e Ll, £ L2, £ L3, £ a , £ £ , £ 7 : Mil 
£ fc> L 1 ' = L 1 + £ Ll 

L 2 ' =L2 + £L2 

L 3 ' =L3 + £L3 

a — a ' + e a 

0 = 0' + £ 0 

7 = 7' + £ 7 

fcrtfU a(hs). iS(hs), 7 (hs), a' (hs), /3' (hs), 7' (hs)li 

M^-jf. ume>7-<uft&3 o° tr*^ $tj«a^m«a(hs)=3 o° 

£or = 0. 5° ©«S6*<^ofc*^*rii % 3*BHr<ia' -3 0. 5° ©tfcfifwffll 
— 3\ OTitli7o>Hi (^<^-y hftii) C7ny hl?|7 o^as 
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mi^0T> 70> bmm.7 0a<W§&g2g8 0 t— tl/:<l:#0filh f (h 
fx, h f y) tem®3-—v h 9 0fiSi5T<i. 

hf (LI. L2, L3. a(hf), /S(hf), 7 (hf )) 

hf (Ll'.L2'.L3'.a' (hf), /3' (hf). 7' (hf)) flf ) 
= hf (Ll + eLl, L2+el2. L3 + eL3, a(hf)+ea. £(hf) 
+ c ff, r(hf)+ £7) -(12) 

a(hf), £(hf). r(hf) : 7P> hgg*><h f m&(D&m&t 

a' (hf), j8' (hf), 7' (hf) : 7P> h3gg/j<h f 

•v F 9 ii-ii^^T'lo^SliSiil 8 0 ©ttf ^ffi It C t 5. zco 

#Jx.(i\ 0^£HLti§ir^CDr-A^a' =3 0° T'*-^ 

9. 5° T$*i±{£*l£<, d£>&ftfila = 2 9. 5° £Ji^ntt\ ^iia' - 

So 

^WSM^IM^fr? i§i:C©h f ^ffl^TfflIE$n/ch s (h s 

hs' (LI' . L2' , L3' , a' , (hs), 7' (hs)) 
= hs' (Ll + eLl. L2 + eLf, L 3 + e L3. a (hs)+ £ a(hs), 
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£(hs)+ £ £(hs), r(hs)+ £ r(hs)) - (13) 

CCT\ a(hs), /3(hs), 7(hs) : 7o> hSE«*<h s©$UW55^*i: 
oA:cb#©^&0.&fctMiI 
a' (hs). £' Chs), r' Chs) : 7 a > h^fg#h s ©Mflf^ 

©K©tefi-e*s©-e. fie*K*iJWnON h f^»^»hs^i^«L 
fci^©«3lfltChs)-a(hf), /3 (hs)- £ (hf), 7 (hs)- 7 (hf 

A £ a= £ a Chs)- £ o(hf) ••■(14) 
A« £ = e /8(hs)-e jSChf) -CI 5) 

A £ 7 = £ 7 Chs) — £ 7 (hf ) ■■■(16) 

C 1 4 ) ~ C 1 6 ) ttttt>&8MifSUz'J>t£ < fc*. 
^Af, tlt^^l'^ hf^-f y^ia^^lt hr (hrx. hry) 

(4 ) #^^3 - 2 9 5 9 3 3 ^«*lBatt©«*ft«f"Ci*^ 6*1*: 

- y ^7 1 ^uxig^-f s©t% 7D>htt lAcm^ti 

mm^, 7P> hgftl A»U7D> h»^7 0 8 Oi-S$ 

■8\ ^SJifSSlX-f 7 l&WLTmm-tZ<DX\ 7o>hStlAOj£^ 

( 5 ) 3-295933 -t£#SJCfe«£©^&ffiT'tt> -hid© J: "3 
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<tld;?!:^I?l8 O^lgg-rSCi^T^^ »J©m&£ft±-r*::<i:*>< 
1 ©tlBi©^ 1 10 0 ([19 #1) 8 0 £ 

-r^bis. m i ©miitii, & i fusees i o o izm ^xmmm 8 o ^ 

£gtf&®±-©»*P s ^X(Dmm.m^h r y-^KTOiih r x£t£5£fi7© 
T *y >7a, 7 b (0 3 #fl&) LfttJE t/c 0 *30ftJIH»T«x * 

K «fc t) mmmn h r y & Z> l ^±zk¥K* h r x *RJ£r *• 
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-;f7f (g|3#ffl) ^Jf-To 
#jaiJLj=. v h 9 (H 1 #Sft) Ttt\ MSI 9 0 K*s^T«WfcSK£X'f 7?H 

i^ig^x-Y 7f 7 f ^n-stiaai 9 i^#£ 0 

jail 9 ltii^OI|©7D>Mlf 1A(5»^», $W^O^b©/^ 
y b 1 c 0>ftmiZ-C<DmWBmh sy, s x 

>hi$7 0 0<^y h/n5fe) WSI^8 Oil— %L-fZ±7lZ7a> 1 

gtUT^ *^lx-*fc«fc9#SW«H!JSX-f l*<ff<**l£i:*!iSl 93^ 

MSI 9 3m OT©7P>hlf lA0»b$M'^O^^7D> 
h£i£7 0*-C©#SUB«lh f y, *MFIS«h i x£fii2£-r<5 0 

mz%m 1 9 4 Kfct *-C*MB** 8 0 rt*£B«*®Ji®**jft*T©Mffi«l 
h r y Jbtf-foW-WMh r x£. 

hry = hsy - hfy - (12) 

h r x - h s x - h f x ■••(12) 
J: *)#*!>*o 

W<k\Z^ MS 1 9 5(C4o^T, Jiffi©<fc3KbT#«>fcMffiliih r y, tK¥ 
*%B^©»3CDSgttJg.flE*® 1 7&tf01 8 {;:«*: *3 8S&»JJ-r*„ 
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ggSth r x*ta:J£U S«afe®©ftj£(*x ift^l7T'A^t/c^JgTlS^U/c 0 
^^M^ffi-Cti. m 1 7 {C^-T «t -3 K S«&ffi±© 2A,Psl, P s 2 U 

S£&M±© P s 1 . P s 2 © 2 ^n%®,S-«^X-f y ^ 7 

f ^ffto SlJtaiJ.— -y bT'iim 1 8 {C^f iffiS 2 0 0-2 0 3 T**l&©tt« 
Cffi«X p s 1 . Y p s 1 ) n (ffifliX p s 2 . Y p s 2 ) £ft» Lifitii" So 
*©*£, HDM2 0 3t\ P s 1 (HXp si. Ypsl), Ps2 (JgEffiX p 
s 2. Yp s 2) ©Urt^Xb Ybliirfcl^W^ 
Y=aX+b 

a = (Ypsl-Yps2) / (Xpsl-Xps2) 
b=(Ypsl (Xpsl-Xps2))-Xpsl (Yp s 1 - 
Yps2) ) / (Xpsl-Xps2) 

§ tRHU^ *TO«X psl, MSEStY psl,ftWr=tan-l (a) 

*BB6^-5*&ira<t<z>*fla2 os- 2 0 7&m\ tmmms ot^&p s 1 

£T<Z>7!K¥£1th r x, MEBWh r y^*n5o C©7jc¥*§*th r x, S 
ffiSSHth r y £_hf£©£tjK0 r = t a n - 1 ( a ) (*MS2 0 8 Ti61t£n> WC 

(1) J|lfr©W»CJ:0*l*iia«©»ffit©tt«M«*<*ffcUTfe. 18^© 
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i. »i«)7P>nf (ia) *m&t z±Trtfcizmm*im±®$t<z>7 
v>h%m cisuib, ic) mz.ws bmm&3L&-tzMi£ (ib) tzmtLtz 

3UI57 a > hl!i:J:?)fflt^^ aWSMiIB^KJEr^MMffilftse^ia:** 
(70) <h ; 

(b) mz7a>bmt<DW&k&mzw?ztm&&&&?z&ft&® (8a, 

8b, 8c, 8cO £ ; 

(c) «raBfftffl¥so«^af-^#nnEW cib) ^sfiU;7D>^i 
©ift«iS5»**j|[-r**E i (120, 90) t ■. 

( a ) miEmmmtm$mmrmt<Ditmm^mM-t^>m 1 (10 

0, 7. 9a) t ; 

K5£X-f (71) £ ; 

( f ) mm^zmmfex't v ^ixm^titit^wmm 1 mm^&xm* 

2 *j(t^a"C 140.9b) t : 
=N£ (160, 9a) £ ; -r*?*m-> a ^UO&ffiffifllJIMfflSeft. 
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^m. (ioo,7,9a) mnmzmm cso) tBmmmt<DitLmm^t^x, mid 

^lH5«^SM?£®Ji<DS*£.£ (Ps) ^ -CcDSiS^fPj ©Sggfl (hry) ^.Wm^ 

3 . m&m i iam©/i6JE ^ 3 ^©^Mji^uf ygp^fi^^ur, tmm i ^ 
(100.7,9a) ii. ts^sg (7) k j: k> xti^ntz^-^ ^mzmnm^mm 

(ioo.7.9a) liiiam i mm-mz (120.9b) Tm^ufcBuia^a^ mss 
(ia) (D$LUtmm<z>iim^m^, mm?*> hmmv>$cM$:Bmmm±<D& 
m& (Ps) iz&t>-£tzt£<DmsZ7u> vmmn&^&u&mn-r&mz (19 
0, 1 91 ) t . iffiem 1 sw^&Tiftir u fctirf a 7D>h i ^©ttf g k 
mz-7v>b&m (70) *suia^§ujEs (80) (c^-ur^t^©fiia7 

a>hl^0tfi^It5^ (192.193) is j§Tjf£7 a > 

^m-r^is: (194) zcDmMT&titztiLmm&tmfe-^zjiiQAti&titz 
ft&T-zztm-t^m (195) i^-i-t;c«i:^#^it-5^ffii/ B^uomm 

5. w^iia«e©^ffi^3^;u©?^«m»^e(-fc^T. luia^i^ 

^WL (100,7,9a) mmm 1 nm^Wt (120.9b) T^»U^sulE7n>h2£g 

(u) ©fegi^G>'it$g!c^o'^, mm7v>hmm<Dft%%%MMfe-m±c>m 

imm& (Psl) jr^ii^i^Ofj^^a^ hgff©«©'fe§i> ltrfS7n> 
hgf ©«^@SSI±Ol 2 s (Ps2) {•r^ii:^i^©|ljia>'n> hgi 
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W.&^VftMtZim.-tttWL (200-203) t, «fE»l&W2XI(|jftTCD«r 

tz7v>hmwomikfaWfrzmMfm(Dft&ffim*mw-i-z^f%£ (204) > m 

7u>M$ (70) ^fUE^S^ (80) kZ<kt>-£tzt%<nm£ t 7v> h&£© 
feffi^^-TS^ (205.206) i, lE7o> b^tt©5^ftffi£gyi£:7 p > h 
^€»«nE^SS*Vi S^&®Ji©m lM*i2 3£!&6(ZH ^'ti>- 
#£<^ff ^® (207) <h N CO^T^^fegTOiffJie^jS 

ft**BtW*#« (208) i*TOCi*ttatr*#*ffi->3^l'<!>fti5«l8IIW 

6. £0§«&S!©:7 a y hmW: (1A) *«^-TSJiT^rlRlf-lEl«|Brtg^1g»©7 
n>W (la, lb.lc) <t, a®7n>Ftg^f5$# (IB) <t£$f;ix 

(a) @^S©iiM73fRl^^oT:M$nfc^§B«m (80) £ ; 

( b ) ffitzy p > higE® (1A) Kii*. £*u nij^l-^S^C^ hi/127 p >' hs&S 

(c) mmyv3^ hmmcD^mtrnm^mr^mm^^r^iii^m (8a, 

8b, 8c, 8d) t ; 



(d) BTjl£^t±i^Olf-^(r^o*#Byie^ (IB) ^I$itt7D>htI 
©fe§£g?f^i5id|L-f 1 «^ (120, 9b) t ; 

(e) mMnmMmtmimm^mt^ifLnm^mmt^mim^^ ao 

0, 7, 9a) t ; 

( f ) SUffi^P > h»*<HijiaH«^i-^L/c«±:^}C^^n^^S^ 
l£5£X^?- (71) £ ; 

( g ) mmmmmwfex << v nm^ zntztz oiuia^ i mn^stT-mn 
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u tzK&mm t e i v>®mm& <t a* £ hU km w t b t (Ditmmm * 

m*LirZ&219m-&& (140,9n) £ ; 

(h) i«rlB*2t»»ax'*Jtl/fc*f*iBa!i*ffii<ott«H^{r«k*5, Bute 

(160,911) i ; ^fil^SCi^Sfct-rSfftE^a^^ifR&ffilS^^iSo 
(is B«ftSoiME*rtIlc»^'rafcjKUfc«GB[©^>f (81) 

9 . m^ji 6 mmomm ■/ b b m&ms&mMK fc^r , itrie^ajw 

(±x l«&if©ilS^rRl»=»^T!a»l/fcU--lf36 (84) T'^CiWit 

i o. zmmmv-yny vmw (u) ^«t^e-r s _bi r ^rea i= ias& Breg<c 

7D>h§PM (la, lb. lc) t, flWB-7a>h*iB«J#-rS*f* (IB) 
(a) BH-&ffi©M»{Cf&-,T^^ (80) : 

(c) mewsvmm. oa> Ktfttffc^n;/!-** ao> *«na^«j»*tr 
^-fr-tK tfn»# (ib) <bffire^«mifp (so) <t©fe«Bi«*fii#u -©*# 
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(e) rfeffv m^JUDMfc&mm (d) -cmM LfcM®*r*f Uj^fci^iH" 
5Ci ; 

( f ) ±l£ (c) RZf (d) illl;^)iI^^fni{CW^CD$frfe«TSimt- 
^C<t ; 

(«) ±B (e) Rtf (f > ©#JR**»)*lx*«-r*Ci ; ^fit^i 

(IB) «7D>-hii (1A) £^-f£±SB££[IK£ (Id) COl^HP** 
^EI^ir^t-aTi^^f* (le) £WU TO (d) ©M0tI«iiMCr^ 

Jfrtk'a^, sole, (e) ©W©^raj^S&iw!^LT{i> nUtaTO^^IUIt 
( d ) t m\s ^T^fr ffiJjm®Wj*fto - £ £#® £ iT £ & 

1 2 . nreg i o nm<D&wmm®.jjmzioi< vr. mmm}E-> a ^nmt 
(ib) U7n>iti (ia) ^w-r^.Lumm^ (id) is c©±m®^^ 

^EJ^g'^^t-^T^firf* (le) flS2 (d) ©Mig©MM(;:ii$ 

Tfi8«fiR*fir^x lire (e) 0$*o»mici^ltiis «nET«Ujfefff* 

* iwa ( d ) t m b9s&-vmM&.&®m*uk k> m Lxm^mm^n ^ztizx 

1 3. nntmi ommfD^mmmm^miz^^x, mm (a) otmmm (8o> 
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10/18 

010 



mn -.^m?7vy i-^g& 



5: 




z: 



143 



z: 



144 



1 



z: 



145 



§i&Eit hsy = hry + hfy 
;k¥SEIt h s x = h r x + h f x 



Z_ 



161 



h s x . h s y ^ffitSLs C© 
hsx, hsy £WtT&~eAJ] 
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Vv 
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